Introduction {#Sec1}
============

Searches for new physics in final states with two leptons that have same-sign (SS) charges provide a powerful probe for searches of new physics, both because standard model (SM) processes with this signature are few and have low cross sections, and because this signature is produced in a large number of important new-physics scenarios. Examples of the latter include the production of supersymmetric (SUSY) particles \[[@CR1], [@CR2]\], Majorana neutrinos \[[@CR3]\], vector-like quarks \[[@CR4]\], and SS top quark pairs \[[@CR5], [@CR6]\]. In the SUSY framework \[[@CR7]--[@CR15]\], the SS signature can arise through gluino pair production. For example, the Majorana nature of the gluino allows gluino pairs to decay via SS charginos, yielding two SS W bosons. Gluino pair production can also yield four W bosons, e.g., from the decay of four top quarks, which may result in the SS dilepton final state. Alternatively, cascade decays of pair-produced squarks can lead to the SS dilepton signature. Searches for new physics in the SS channel have been previously performed at the CERN LHC by the ATLAS \[[@CR16]--[@CR18]\] and CMS \[[@CR19]--[@CR23]\] Collaborations.
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The CMS detector {#Sec2}
================

The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diameter, providing a magnetic field of 3.8 T. Within the field volume are several particle detection systems. Charged-particle trajectories are measured with silicon pixel and strip trackers, covering $\documentclass[12pt]{minimal}
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Event selection and Monte Carlo simulation {#Sec3}
==========================================

Events are selected with two sets of HLT algorithms. The first requires two very loosely isolated leptons, one satisfying $\documentclass[12pt]{minimal}
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In the subsequent analysis, muon candidates are reconstructed by combining information from the silicon tracker and the muon spectrometer in a global fit \[[@CR26]\]. A selection is performed using the quality of the geometrical matching between the tracker and muon system measurements. We select muons with well-determined charge by imposing an additional criterion: $\documentclass[12pt]{minimal}
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Electron candidates are reconstructed by combining clusters of energy in the electromagnetic calorimeter with tracks in the silicon tracker \[[@CR27]\]. The identification is performed using a Boosted Decision Tree multivariate discriminant \[[@CR28]\] based on shower shape and track quality variables. The nominal selection criteria are designed to provide a maximum rejection of electron candidates from multijet production while maintaining approximately 90 % efficiency for electrons from the decay of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Z} $$\end{document}$ bosons. A relaxed selection on the multivariate discriminant is used to define "loose" criteria for electron identification. To improve the accuracy of the electron charge reconstruction, we require the position of the calorimeter deposit, relative to the linear projection of the deposits in the pixel detector to the inner calorimeter surface, to be consistent with the charge determination from the full track fit. Electrons originating from photon conversions are suppressed by rejecting candidates that are either without energy deposits in the innermost layers of the tracking system, or that are associated with a displaced vertex compatible with a photon conversion.

Lepton candidates are required to be consistent with originating from the collision vertex for which the summed $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^2$$\end{document}$ of the associated physics objects is the largest. The transverse (longitudinal) impact parameter of the leptons must not exceed 0.5 (1.0) mm with respect to this vertex, and they must fulfill the requirement $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|d_{\mathrm {3D}}|/\sigma (d_{\mathrm {3D}}) < 4$$\end{document}$, where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d_{\mathrm {3D}}$$\end{document}$ is the three-dimensional impact parameter with respect to the vertex, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma (d_{\mathrm {3D}})$$\end{document}$ is its uncertainty from the track fit.

The charged leptons produced in decays of heavy particles, such as $\documentclass[12pt]{minimal}
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To identify jets originating from b quarks, the combined secondary vertex algorithm CSVv2 \[[@CR36]\] is used. Jets with $\documentclass[12pt]{minimal}
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Monte Carlo (MC) simulation, which includes the contribution of pileup, is used to estimate the background from SM processes with prompt SS leptons (see Sect. [5](#Sec5){ref-type="sec"}) and to calculate the efficiency for various new-physics scenarios. The SM background samples are produced with the [MadGraph5_aMC\@NLO]{.smallcaps}  2.2.2 generator \[[@CR37]\] at leading order (LO) or next-to-leading order (NLO) accuracy in perturbative quantum chromodynamics, with the exception of diboson samples, which are produced with the [powheg]{.smallcaps}  v2 \[[@CR38], [@CR39]\] generator. The NNPDF3.0LO \[[@CR40]\] parton distribution functions (PDFs) are used for the simulated samples generated at LO, and the NNPDF3.0NLO \[[@CR40]\] PDFs for the samples generated at NLO. Parton showering and hadronization are described using the [pythia]{.smallcaps}  8.205 generator \[[@CR41]\] with the CUETP8M1 tune \[[@CR42], [@CR43]\]. The CMS detector response for the background samples is modeled with the [Geant4]{.smallcaps} package \[[@CR44]\]. The signal samples are generated with [MadGraph5_aMC\@NLO]{.smallcaps} at LO precision, including up to two additional partons in the matrix element calculations; parton showering and hadronization, as well as decays of SUSY particles, are simulated with [pythia]{.smallcaps}, while the detector simulation is performed with the CMS fast simulation package \[[@CR45]\].Fig. 1Diagrams illustrating the simplified SUSY models used in this analysis

Search strategy {#Sec4}
===============

This analysis is designed as an inclusive search, sensitive to models matching two assumptions: a strong-interaction production mechanism, leading to relatively large hadronic activity, and the presence of undetected particles in the final state, yielding sizable $\documentclass[12pt]{minimal}
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We consider SUSY scenarios in the context of simplified models of new-particle production \[[@CR46], [@CR47]\]. Models with four $\documentclass[12pt]{minimal}
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Finally, SS lepton pairs can be produced in association with large values of $\documentclass[12pt]{minimal}
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To increase the sensitivity to new-physics scenarios, we categorize events based on their kinematic properties as follows. First, three exclusive lepton selections are defined:high--high (HH) selection: two SS leptons, each with $\documentclass[12pt]{minimal}
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Second, search regions (SR) are introduced so that the analysis is sensitive to a variety of new-physics scenarios. SRs are defined separately for the HH, HL, and LL selections using the $\documentclass[12pt]{minimal}
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Backgrounds {#Sec5}
===========

Backgrounds in the SS dilepton final state can be divided into three categories:**Nonprompt leptons:** Nonprompt leptons are leptons from heavy-flavor decays, hadrons misidentified as leptons, muons from light-meson decays in flight, or electrons from unidentified conversions of photons in jets. Depending on the signal region, this background is dominated by $\documentclass[12pt]{minimal}
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The background from SM processes with a prompt SS lepton pair is evaluated from simulation, accounting for both theoretical and experimental uncertainties. The $\documentclass[12pt]{minimal}
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Finally, the charge misidentification background is estimated by reweighting events with opposite-sign lepton pairs by the charge misidentification probability. For electrons this probability is obtained from simulated $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec6}
========================

Systematic uncertainties can affect both the overall normalization and the relative population of signal and background processes. A summary of their effects on the SR yields is given in Table [5](#Tab5){ref-type="table"}.Table 5Summary of systematic uncertainties in the event yields in the SRs. The first six uncertainties are related to experimental factors for all processes whose yield is estimated from simulation; the next five are uncertainties in these yields related to the event simulation process itself. The last three uncertainties are related to background processes whose yield is estimated from dataSourceTypical uncertainty (%)Lepton selection2Trigger efficiency4Jet energy scale2--10$\documentclass[12pt]{minimal}
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Results {#Sec7}
=======

Distributions of the five kinematic variables used to define the SRs, $\documentclass[12pt]{minimal}
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The results of the search are used to constrain the benchmark SUSY models presented in Sect. [4](#Sec4){ref-type="sec"}. For each mass point in the SUSY particle mass spectrum, results from all SRs are combined to extract cross section exclusion limits at the 95 % confidence level (CL), using the asymptotic formulation of the modified frequentist CL$\documentclass[12pt]{minimal}
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Results for models with gluinos decaying to virtual third generation squarks are shown in Fig. [4](#Fig4){ref-type="fig"} as a function of the gluino and LSP masses. For the $\documentclass[12pt]{minimal}
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The results of the search are also used to set 95 % CL upper limits on the double $\documentclass[12pt]{minimal}
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Limits at the 95 % CL on the SS top quark pair production cross section are determined using events that satisfy the baseline selection categorized according to number of b jets (Fig. [2](#Fig2){ref-type="fig"}-bottom right); apart from the charge requirement, the detector acceptance and the selection efficiency for the signal are assumed to match those of SM $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\overline{\mathrm{t}}$$\end{document}$ events. The observed (expected) upper limit on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma (\mathrm {p}\mathrm {p}\rightarrow {\mathrm{t} \mathrm{t}}) + \sigma ({\mathrm {p}\mathrm {p}} \rightarrow {\overline{\mathrm{t}} \overline{\mathrm{t}}})$$\end{document}$ is 1.7$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {pb}$$\end{document}$  ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.5^{+0.7}_{-0.4}\,\text {pb} $$\end{document}$).
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Summary {#Sec8}
=======

The results of a search for new physics in same-sign dilepton events using the CMS detector at the LHC and based on a data sample of pp collisions at $\documentclass[12pt]{minimal}
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No significant deviation from the standard model expectations is observed. The results are used to set limits on the production of supersymmetric particles in various simplified models. Gluino and bottom squark masses are excluded at the 95 % confidence level up to 1300 and 680$\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {pb}$$\end{document}$ are set on the cross sections for the production of two top quark-antiquark pairs and for the production of two SS top quarks, respectively. Model independent limits and selection efficiencies are provided to allow further interpretations of the results, using alternative models to those examined here.
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